INTRODUCTION
Estradiol is the most important human estrogen produced by the ovaries. Other estrogens (estrone, estriol) may be weaker, but, in principle, have the same effect. The importance of the functional groups in the activity of natural estradiol has been recognized. Some simple chemical modifications of the basic structure of estradiol can have a direct effect on their activity, primarly by modification of the binding activity of the steroid to receptor. Thus, small conformational changes in estrogens have an important role in the design of new estrogens and antiestrogens (1) .
A series of estradiol derivatives have been synthesized in order to functionalize the rings A, B and D of estradiol skeleton, and thus attempt to change the hormonal activity of estradiol (2) .
In our previous papers (3-8) we have described the retention behaviour of the same estradiol derivatives chromatographed on a variety of stationary phases: silica gel, alumina, chemically bonded phases in normal and reversed phase, using several non-aqueous and aqueous eluents. The type of stationary and mobile phases, and nature, number and position of substituents in the compound molecule steriods, were observed to have significant and distinct effects on retention. Now, it is clear that retention in reversed phase chromatography is governed by a partitioning process. Partitioning can be defined (9) as full embedding of the solute between the chains of the stationary phase. This partitioning is regulated by the chemical potential difference of the solute between the two phases, and energetics of the solute in both phases are important. Although the word hydrophobic is often used to describe the driving force for retention, the strict meaning of this word implies a certain temperature dependence of solubility that is usually not observed with commonly used reversed-phase mobile phases.
For a wide range of sample compounds, it is observed that for a given system the solute retention constant (log k) is related to the volume fraction, of organic solvent ϕ org , in the binary mobile phase (10) (11) (12) :
where log k 0 refers to the log k value for pure water as mobile phase, and is usually an extrapolated value, and m is a constant. Some authors (13) suggested that Еq. [1] is generally invalid, and log k as a function of ϕ org is better represented by the quadratic expression: log k a b c org org
In Еq. [2] the quadratic term can be ignored to a first approximation, and then we obtaine Еq. [1] .
Therefore, in this work, equations [1] and [2] are applied to study the retention behaviour of some synthesized (2) estradiol derivatives on octadecyl silica gel column using aqueous binary mobile phases. The retention data of estradiol derivatives collected in this work are compared with these of the same estradiol derivatives collected in previous investigations on thin layer octadecyl silica gel (3) .
The compounds and their molecular structures are listed in Table 1 .
EXPERIMENTAL
Separations were performed on a Milton Roy (Riviera Baech, FL, USA) Consta Metric 3000 pump and a Milton Roy Spectro Monitor 3160 variable-wavelentgh UV-Vis detector set at 254 nm. Samples were injected using a Rheodyne 7125 valve (Cotati, CA, USA) fitted with a 20 µL loop. The column used was commercially available 5 µm LiChrosorb RP-18 column, 250 x 4 mm i.d. (E. Merck, Darmstadt, Germany).
Estradiol derivatives (Table 1) , synthesized by original reactions or according to the literature methods (2), were dissolved (0.005 mg mL -1 ) in methanol and the solutions filtered through a 0.2 µm Chromafil filter (Macherey-Nagel, Düren, Germany). Two binary solvent systems, methanol-water and acetonitrile-water, were used as mobile phases with a varying content organic component in the range of 50-95 %; with the increments of 5% or 10%. The eluents used to prepare mobile phases were of analytical reagent grade and were filtered through a 0.45-µm filter and degassed before use. The flow rate was 1mL min -1 at room temperature.
The retention factor, k, was calculated from k t t t r = − 0 0 , where t r is the retention time of the solute and t 0 the column void time measured using the solvent disturbance peak obtained when trace amounts of methanol were injected into the column. Each t r value was measured in triplicate and averaged.
RESULTS AND DISCUSSION
The retention data obtained on C 18 column are generally typical of reversed phase chromatographic behaviour: less polar solutes are more strongly retained and vice versa. The relationship between the logarithmic retention constant, log k, of the investigated compounds and volume fraction, ϕ, of the organic component in both binary eluents, was linear. The linear relationship between the logarithm retention constant and volume fraction of methanol and acetonitrile for all compounds are presented in Figs. 1 and 2 . Correlation coefficients from linear regression analysis of the experimental log k values varied from 0.9874 to 0.9999. Such behaviour suggests that the model based on Eq. [1] is suitable to describe the experimental behaviour of estradiol derivatives on C 18 columns with both eluents. The numerical data for the absolute value of constant |m| and constant log k 0 for each compound studied on C 18 column in both eluents are presented in Table 2 ; the values of constants predicted on the basis of previous work (3) are given in parentheses.
The compounds were more mobile in the eluent acetonitrile-water than in the eluent methanol-water, owing to the lower polarity of acetonitrile. It is known empirically that a change from methanol to acetonitrile generally decreases selectivity.
On the basis of the constant |m| the hydrophobicity of estradiol derivatives in the eluent methanol-water increases in the order: 7 < 1 < 8 < 3 < 11 ≤ 9 ≤ 2 < 12 < 10 < 6 ≤ 4 < 5 On the basis of the constant |m|, the hydrophobicity of estradiol derivatives in the eluent acetonitrile-water increases in the order: 7 < 8 < 1 < 11 < 9 < 3 < 12 < 2 < 6 < 4 < 10 ≤ 5
Although methanol and acetonitrile showed more or less similar behaviour with regard to retention order of compounds, some specifications were observed. In both eluents, compound 5 showed strongest the retention. On the basis of the molecular structure of investigated estradiol derivatives, it can be said that retention order obtained in the eluent methanol-water is more logical for more polar compounds: 1, 7 and 8, while the retention order obtained in the eluent acetonitrile-water is more logical for less polar compounds: 4, 6 and 10. The other derivatives, compounds: 2, 3, 9, 11 and 12, were resolved in different orders in these two eluents, too.
The constant log k 0 can also be related to the hydrophobicity of estradiol derivatives, because log k 0 refers to the log k value for pure water as a mobile phase, i.e. when ϕ org = 0. compounds designation as in Table 1 Fig . 2 . Plots of Eq. (1) for C 18 column and the eluent acetonitrile-water; compounds designation as in Table 1 On the basis of the constant log k 0 the hydrophobicity of estradiol derivatives in the eluent methanol-water increases in the order: 7 < 1 < 8 < 11 < 3 < 9 < 12 < 2 < 10 < 4 < 6 < 5 Tаble 2. Constants |m| and log k 0 of Eq. [1] for the linear relationship between retention of estradiol derivatives and mobile phases composition. Designation of compounds is as in On the basis of the constant log k 0 the hydrophobicity of estradiol derivatives in the eluent acetonitrile-water increases in the order:
It is evident from the above orders and data given in Table 2 that on C 18 column, with both mobile phases, the constant log k 0 and the absolute value of m increase with increasing compound retention. There are, therefore, linear relationships beetwen these two constants, with correlation coefficients for methanol-water of 0.9791 and for acetonitrilewater of 0.9852, (Figs. 3 and 4) .
In our previous investigations (3) we examined retention behaviour of the same estradiol derivatives under the conditions of thin layer chromatography on HPTLC octadecyl silica gel plates in the eluent methanol-water. The change in compounds retention with an increment of volume fraction of methanol in the mobile phase was in accordance with the well-know equation:
where R M o refers to the R M value for pure water as mobile phase, and is usually an extrapolated value, and m is a constant.
The retention constants of the same compounds obtained by different chromatographic techniques using the same eluents is possible compared (14) . compounds designation as in Table 1 The values of constants |m| for the same estradiol derivatives obtained by different chromatographic techniques (HPLC and TLC) are more or less similar ( Table 2 ). The value of constant log k 0 are generally low in comparison with the constant R M o for the same estradiol derivatives, but the dependence between these two constants is linear with correlation coefficient 0.9688 (Fig. 5) .
CONCLUSION -
On C 18 column, the retention sequence of the estradiol derivatives obtained by applying aqueous-organic mobile phases is basically a consequence of the hydrophobicity compounds. 
РЕТЕНЦИОНО ПОНАШАЊЕ ДЕРИВАТА ЕСТРАДИОЛА НА ОБРНУТОЈ ФАЗИ У ТЕЧНОЈ ХРОМАТОГРАФИЈИ ПОД ВИСОКИМ ПРИТИСКОМ
Маријана М. Ачански и Слободан М. Петровић У раду је испитано ретенционо понашање деривата естрадиола у условима теч-не хроматографије под високим притиском на обрнутој фази. Коришћена је комер-цијална октадецил колона силика гела, а као елуенти су коришћени метанол, од-носно ацетонитрил и вода у различитим односима. Доказано је да је зависност из-међу логаритма ретенционе константе и запреминског удела органске компоненте у елуенту линеарна. Коефицијенти правца правих, као и њихови одсечци су у скла-ду са хидрофобношћу испитиваних деривата естрадиола и за исту покретну фазу међусобно веома добро корелирају. Ретенционе константе добијене у овим испи-тивањима применом елуента метанол-вода, упоређене су са ретенционим константама истих једињења добијених у ранијим испитивањима хроматографијом на танком слоју октадецил силика гела, применом истог елуента. Резултати показују да се ретенционе константе истих једињења применом две различите хроматографске технике међусобно или подударају или добро корелирају.
